Purpose: The aim of this study was to determine the prevalence of thyroiditis, nodular goiter, and thyroid cancer in small, normal, and large thyroids. Methods: Thyroid volume (TV) was measured by ultrasonography (US) in 583 adults and TV was divided into 3 groups: small (volume <10 ml), normal (volume =20 ml), and large (volume >40 ml). All patients underwent US-guided fine-needle aspiration biopsy (FNAB) and cytological diagnoses were divided into 6 groups: thyroiditis, nodular goiter, nodular goiter and thyroiditis, indeterminate, malignant, and inadequate. Results: In small thyroids (N=93), there were 42 (45%) diagnoses of thyroiditis, 42 (45%) diagnoses of nodular goiter, and one diagnosis (1%) of papillary carcinoma. In normal thyroids (N=101), there were 16 (16%) diagnoses of thyroiditis, 68 (67%) diagnoses of nodular goiter, and 4 (4%) diagnoses of papillary carcinoma. In large thyroids (N=389) there were 46 (12%) diagnoses of thyroiditis, 306 (79%) diagnoses of nodular goiter, and 8 (2%) diagnoses of thyroid carcinoma (6 papillary and 2 anaplastic). There was a statistically significant (p<0.01) relationship between TV and prevalence of thyroiditis and nodular goiter. Thyroiditis was more common among patients with small thyroids, and nodular goiter among those with large thyroids. There was no statistically significant (p>0.05) relationship between TV and cytological diagnosis of thyroid carcinoma. Conclusions: Our results show a high prevalence of cytological diagnoses of thyroiditis in small thyroids, a high prevalence of cytological diagnoses of nodular goiter in large thyroids, and no relationship between TV and the cytological diagnosis of thyroid carcinoma.
Introduction
Thyroid disorders are relatively common in the general population. The incidence of thyroid disease is significantly determined by dietary iodine availability. Although health initiatives regarding the iodization of salt have been established in many countries, iodine deficiency is still the leading cause of thyroid disease worldwide. On the other hand, in iodine replete areas, most patients with thyroid disorders have autoimmune thyroid disease [1] . In general, the most common thyroid disorders are diffuse-and nodular goiter. While the prevalence of diffuse goiter decreases with age, the prevalence of nodular goiter is higher in older patients. In a large Framingham study, the prevalence of single thyroid nodules was 3% and multinodular goiter was 1% [2] . Although epidemiological data for hypothyroidism in total are available, studies of incidence of autoimmune thyroid disease have only been conducted in several countries. In a systematic review by McGrogan et al, the estimated incidence of autoimmune hypothyroidism was 350 /100,000 /year in women and 80 /100,000 / year in men [3] . Compared to other thyroid disorders, thyroid cancer is a less common clinical entity, and although it is the most common malignant endocrine tumor, accounting for >90% of endocrine cancers, it represents <1% of all malignant tumors. However, the mortality rate of thyroid cancer is much higher compared to other thyroid diseases. The incidence of thyroid cancer has been steadily increasing in both sexes, reaching up to 230,000 new cases (6.1 /100,000) in 2012 among women, and 70,000 (1.9 /100,000) among men, predominantly due to overdiagnosis [4] . In addition, a higher incidence of benign thyroid disorders and a relatively lower incidence of thyroid cancer, with higher mortality rates (although still low compared to most other cancer types) have been reported. Therefore, precise and timely diagnosis of these entities is important from both a clinical and public health point of view. Several recent reports have suggested that thyroid volume (TV) is linked to the prevalence of different thyroid disorders [5] . If this is confirmed, TV could be used in everyday clinical practice to identify thyroids with malignant potential. Thus, the objective of this study was to determine the prevalence of cytological diagnoses of thyroiditis, nodular goiter, and thyroid malignancy in small, normal, and large thyroids.
Materials and Methods
In this retrospective study, a cohort of 583 adult patients without known thyroid disorders was included in the final analysis. Thyroid size was measured by ultrasound (US). TV was calculated using a simplified spheroid formula (V = 0.5 × lobular depth × lobular width × lobular length). All patients underwent US-guided fine-needle aspiration biopsy (FNAB). Both thyroid US and FNAB was conducted at the same department in a high-volume university hospital center, to ensure consistency of data. According to TV, thyroids were divided into 3 groups: small thyroids (volume <10 ml), normal thyroids (volume =20 ml), and large thyroids (volume >40 ml). Cytological diagnoses were divided in 6 groups: thyroiditis, nodular goiter, nodular goiter and thyroiditis, indeterminate, malignant, and inadequate. Patients without cytological diagnosis, as well as those with thyroid volumes that did not match the inclusion criteria were excluded. Additionally, patients with previous pathological or cytological diagnosis from other medical centers were excluded. A thyroidectomy was recommended to all patients with a cytological diagnosis of thyroid carcinoma, while patients with indeterminate and inadequate cytological findings either underwent surgery or were considered for repeat FNAB or further follow-up with US with or without FNAB, depending on the clinical features and initial US finding.
Statistical analyses
Patient characteristics were assessed using descriptive statistics presented as a mean with standard deviation. Independent continuous variables were compared using one-way analysis of variance (ANOVA) and categorical variables were compared using Chi-square test with Yates correction. Software SPSS 20.0 for Windows was used to perform all the analyses. P value <0.05 was considered significant.
Results
In our cohort of patients, there were 93 patients with small, 101 with normal, and 389 patients with large thyroids. Most of the included patients were females, and female sex was highly predominant among all three groups. There were 88 female patients (94.6%) in the small thyroid group and 95 (94.1%) in the normal thyroid group. Significantly higher rate of female patients was observed in the large thyroid group 313 (80.5%), P = 0.002. The mean age at the time of diagnosis was 57.5 ± 12 years in patients with small thyroids, 52.9 ± 12.9 years in patients with normal thyroids, and 60.1 ± 12 years in those with large thyroids. Patients with large thyroids were significantly older (P < 0.001). In patients with small thyroids, mean TV was 7.5 ± 1.5 ml, while it was 68.4 ± 31.6 in those with large thyroids. The number of detected nodes on US for all three groups of patients is shown in Table 1 .
Overall, according to FNAB 84 out of 583 patients (14.4%) had thyroiditis, 20 (3.4%) had both thyroiditis and nodular goiter, 396 (67.9%) had nodular goiter, 13 (2.2%) had thyroid cancer, 59 (10.1%) had indeterminate findings, and 11 patients (1.9%) had inadequate cytological specimens. Cytological diagnoses in patients with small, normal, and large thyroids are shown in Table 2 .
There was a statistically significant relationship between TV and the prevalence of cytological diagnoses of thyroiditis or nodular goiter. Thyroiditis was more common among patients with small thyroids, and nodular goiter among those with large thyroids. There was no statistically significant relationship between TV and cytological diagnosis of thyroid carcinoma. Post-thyroidectomy histological findings were available in 9 out of 13 patients, and a pathologist confirmed the histologic diagnosis of thyroid cancer in all 9 surgical specimens. There were 7 papillary carcinomas and 2 anaplastic carcinomas ( Table 3, Table 4 , and Table 5 ). Among patients with indeterminate cytological findings, 9 patients underwent thyroidectomies. After pathological analysis, it was concluded that none of these patients had thyroid cancer. There were 6 follicular adenomas, and 3 Hürthle cell adenomas ( Table 3, Table 4 , and Table 5 ). None of the patients with inadequate cytological findings underwent surgery.
Discussion
Since both benign and malignant thyroid disorders are prevalent, these conditions are important from a clinical as well as from a public health point of view, and require precise and timely diagnosis to prevent further clinical implications. Diagnostic tools used to detect these conditions should be inexpensive and should not be time-consuming. Ultrasound is one of the most commonly used methods for the diagnosis of thyroid disorders, since it is noninvasive, widely available, easyto-use, and less expensive than most other imaging techniques. However, some authors claim that there is a long learning curve, and errors may occur due to faulty examination techniques or the similarity of neighboring anatomical structures to the abnormal changes within the gland. This may lead to misinterpretation of the visible focal lesions and misguided qualification for biopsy procedures [6] . Also, the increased utilization and improved technical quality of ultrasound has increased the detection of multiple morphologic characteristics, without clear criteria for further evaluation. Since this may result in greater tissue sampling and excessive treatment, the adoption of uniform interpretation standards is necessary, in order to standardize subsequent diagnostic and treatment procedures [7] [8] [9] [10] . Despite these diagnostic challenges, due to its many advantages, ultrasonography remains the leading imaging modality for the preliminary assessment of thyroid nodules and the basis for using FNAB or for selecting nodules for FNAB in multinodular goiter [11] . Thyroid ultrasonography can be used to evaluate thyroid size, echogenicity, margins, and stroma. Features considered to be predictors of malignancy, such as microcalcifications, hypoechogenicity, irregular margins, taller-than-wide shape, and absent halo, seem to be valuable for the preliminary evaluation of thyroid nodules and referral for FNAB; however, these features should always be interpreted with caution because none of them can completely differentiate malignant from benign nodules [12] . Additionally, the clinical significance of thyroid nodules also depends on other nodules. A recent study has shown that patients with papillary carcinoma and additional nodular goiter or Hashimoto's thyroiditis have fewer regional lymph node metastases, and patients with nodular goiter also have lower rates of intraglandular dissemination of papillary carcinoma [13] . Thyroid size can be easily measured by ultrasound, and thyroid volume can then be calculated using a simplified spheroid formula (V = 0.5 × lobular depth × lobular width × lobular length). Thyroid volume may be influenced by many factors, such as thyroid autoimmunity, serum thyroid stimulating hormone, calcitonin, free thyroxin and free triiodothyronine levels, serum selenium concentration, body mass index and body surface area, smoking and alcohol consumption, and sex (men tend to have larger thyroids than women) [14] [15] [16] [17] [18] [19] . Despite the definitive role of genetic factors, one study on twin patients confirmed that shared environmental factors have the greatest role in thyroid volume variability [20] . Although the measurement of thyroid volume is simple, numerous diagnostic mistakes result from inaccurate assessment of thyroid size, with most mistakes occurring in situations where the length of the measured lobes exceeds the length of the transducer's head [6] . Although it is well known that thyroid nodule volume can determine further nodule management because of the increased risk of malignant disease or more advanced malignancy that is correlated to nodule volume, some authors have recently proposed that there is also a relationship between TV and some thyroid disorders. Therefore, our study was conducted in order to further evaluate this thesis [5] . Since most former studies evaluated the relationship between TV and malignant thyroid disease, in our study all cytological diagnoses were taken into account for the final analysis. In contrast to some former studies, our results showed no statistically significant relationship between TV and cytological diagnosis of thyroid carcinoma. However, there was a high prevalence of cytological diagnoses of thyroiditis in small thyroids, and a high prevalence of cytological diagnoses of nodular goiter in large thyroids, and the difference was found to be statistically significant ( Figure 1 ).
In conclusion, our study confirmed the relationship between TV and benign thyroid disease, which could be useful in everyday clinical practice, at no additional financial costs, since measuring thyroid size and volume is a regular and standard procedure during thyroid ultrasound imaging.
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